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Ia* Reasons for the investigation. Ib. Theory of electrolysis.
With the increased use of electricity and a wider knowledge of its 
uses to mankind, has come an increased knowledge of its power as a destruct­
ive agent when not properly controlled* It often happens that a use in one 
case is an abuse in another. An example of this is the use of electricity 
in electro-chemical methods of purifying the metals and the corresponding a­
buse in the corrosion of underground conductors. The study of the corrosion 
of certain of the underground conductors is the subject of this paper.
A brief retrospect of the subject might give a better understand­
ing of it in its relation to the industries. With the invention of the 
Bessemer process of making steel in 1856 came the wide use of that metal in 
the manufacture of pipes. Competition with the makers of wrought iron pipe 
caused the issuance of various statements regarding durability, strength, 
etc. One of the chief claims of the wrought iron manufacturers was that 
their product would not corrode as quickly as that from the steel factories. 
This led to an investigation of the causes of the corrosion and finally to 
what is now known as the "Electrolytic Theory of Corrosion".
This theory may be explained somewhat as follows. If there is a 
difference of potential between two metals, either similar or dissimilar, 
and those two metals are so situated that current may pass from one to the 
other thru an electrolyte, then the metal of higher potential will he decom­
posed to furnish ions for carrying the current to the metal of lower poten­
tial, Hand in hand with this theory goes the "Galvanic Theory of Corrosion” 
as advocated by the makers 6f wrought iron pipe. They claim that the decom­
position depends on the uniformity of the material and that due to the fact 
that wrought iron is of so much more even structure and contains a greater 
percent of pure iron it cannot be as easily affected. According to this
(2)
theory the small particles of dissimilar metals in the presence of the elec­
trolyte act as a galvanic cell. Practically all of the impurities in steel 
except manganese are of lower order in the electromotive series than iron so 
that in the presence of an electrolyte iron would tend to displace the impur­
ities and be wasted away, or, decomposed.
It haslbeen seen that both of these theories take into considera­
tion an electrolyte. By definition an electrolyte is a conductor of elec­
tricity that suffers decomposition by the passage of the current. Ordinary 
electrolytes are constituted by chemical compounds in solution in water. It 
is known that a certain percent of the molecules of the compound in solution 
are dissociated into ions and that the current is carried by these ions. The 
number of ions present determines the conductive quality of the electrolyte. 
Pure water is ionized to such a small extent that it is usually considered a 
nonconductor of electricity. It is for this reason that an iron pipe full of 
ordinary city water does not have a much less resistance than the same pipe 
without water. A very small amount of some chemical compound will, if at all 
ionized, make the water a good conductor of electricity.
In the transference of water the pipes, both main and service, are 
for various reasons underground the depth depending on the climate and on 
the nature of the soil. It can be safely taken for granted that in Champaign 
and Urbana the average depth is between three and four feet. It can also be 
assumed that the ground at that depth is never perfectly dry. Prom various 
tests that have been made of soil and water of the two cities it is certain 
that the soil contains a percentage of iron salts far above normal. There 
are present, therefore, all of the constituents requisite for a good conduc­
tor of electricity, that is, a good electrolyte. In the past it was claimed 
tnat soils could conduct metallically but this has been disproven many times
and at present it is generally recognized that conduction must be wholly 
electrolytic.
(3)
Electrochemical actions as well as mechanical actions consume ener­
gy. This energy must be furnished by the power plant in addition to the 
power sold to the consumers for lighting, heating, power and electrochemical 
manufactures.such as plating, metal refining, storage battery, etc. This 
action when not controlled as in the case of corrosion of water pipes is a 
dead loss to the generating station and as such should be investigated and, 
if possible,mitigated. This loss of energy cannot be computed with any de­
gree of accuracy by any other method than that of deduction after knowing 
the amounts of energy used up in other losses. These may be meter losses, 
line I F in the case of street railway lines, partial grounds in the case 
of lighting loads, and in grounded returns or poor insulation in the case 
of telephone and telegraph circuits. In any on© particular case it is, of 
course, the product of current and voltage..It is generally easy to measure 
the voltage but current measurements are difficult to obtain. Some writers 
have claimed that no current flows between rail and pipe for voltages lower 
than one and five-tenths. In a paper given in 1912 before the American Wa­
ter Works Association Albert P. Ganz showed that current may flow regard­
less of the magnitude of the voltage and that the amount of current flowing 
tho not independent of the voltage could not be compared in relative magni­
tude to it. This difference is due to the variation in the qualities of 
different soils as electrolytes.
II. Sources of stray electric currents.
"Stray electric currents" are currents which have leaked from 
grounded electrical distribution systems and flow thru ground and thru un­
derground structures. These structures may be pipes, conduits, reenforce­
ments of concrete construction, bridges, etc. The effects of most sources 
are negligible or important depending on whether direct or alternating cur­
rent is being used and on the size of the generating station. It can be
(4)
safely said that direct current lighting systems whether two wire or three 
wire grounded neutral produce practically no stray currents . This also can 
he said of alternating current lighting systems and of telephone and tele­
graph systems. Electric railways using the rails for the return conductor 
oroduce comparatively large stray currents thru ground and it is necessary 
to consider only these in any study of electrolysis conditions. A diagram 
of the general course of the electric current showing the paths of stray cur­
rents is shown below. This diagram shows only a simple system with no return 
feeders other than t3» rails and only one pipe. When heavy rails are used
and they are all well bonded the resistance of the return path is small and 
a much smaller proportion of the current carried out by the trolley would
find its way back to the power plant thru exterior conductors such as the 
water pipe shown above. In the complicated system that would ordinarily ex­
ist there are usually places of broken or imperfect bonds and it is also the 
case that the water mains not only parallel the tracks but also cross and re­
cross making a very complicated return system for any stray currents finding 
their way to the pipes. It wotild be not only possible but probable that in 
the case of a single track section where only one of the tracks was bortded, 
there would be a poor or broken bond and that sevehty-five or eighty percent 
of the current might leave the track, he carried bjr pipes for a short dis-tance
(5)
and then return to the rail. It is at such places as this that the greatest 
danger from corrosion due to stray currents exists. Cases similar to this 
were found along W. John St* where ordinarily the pipes were positive about 
five-tenths of a volt due to poor bonding. When a car passed the voltage 
would rise to about twelve volts, rails positive, due to the fact that on 
account of the poor bonding the current was necessarily carried by the pipes 
and also by the ground itself.
It might be well to note here that although ordinary soil is a 
conductor of electrieitjr, it has a very high resistance when compared with 
any of the metals. In some measurements of soil resistance made by Ganz it 
was found that the resistance varied from ten to one thousand ohms between 
the opposite faces of a foot cube,depending on the quantity of moisture pres­
ent. Even the lower value is high compared with the resistance of a similar 
block of iron, the resistance of which can be computed to be about 0*0000004 
ohm. With this comparison in mind it would seem that very little current 
would flow outside of the rail, until the enormous cross section of the 
earth as a conductor and the small rail cross section are considered. Due 
to this fact return circuit resistance is greatly reduced by being properly 
grounded at intervals thruout its entire length.
From this consideration it can be deduced that the use of the
ground as a return for the current greatly lessens the watt loss due to I^H
in the rails and also the ID drop in the system thus giving a much more even
line voltage and a much lower circuit resistance than would be the case if
the rail bonds were relied upon entirely. It would be a problem whether
the saving in I":R by this means would be greater than the watt loss due to
/
the energy required for the electrolytic corrosion as mentioned under, 
•Reasons for the investigation* on page three.
III. General effects of stray currents on underground pipes.
In any case there will be more or less leakage from the rail to
(S')
the pipe the amount depending on the material from which the road hed is made 
as well as the bonding of the rails. The current for any constant resistance 
of the soil will be proportional to the voltage existing between the pipes and 
the rail. This voltage depends on the IR drop in the rail which is itself de­
pendent on the current in the rail• Assume that a water pipe main is paral­
lelling an electric railway track and that exists at a certain point,P, a po­
tential difference of ten volts between the track and the main. As the nega­
tive bus is zero and no current is flowing between the main and the grounded 
bus then there must be drop of ten volts in the rail between P and the power 
house. This is the case for a perfect nonconducting soil and is ideal.
Assume now an ordinary soil. The ten volts potential difference will cause 
a current to flow from rail to pipe at P and from pipe to rail and negative 
bus at the power plant. This flow of current in the pipe will show results 
in several ways* There will be an IR drop in the pipe that will decrease the 
potential difference between the rail and pipe at P and consequently decrease 
the initial current flowing between them. Also, the current in the rail 
will be decreased and the IR drop between P and the power house will be de­
creased. This will again decrease the potential difference between pipe and 
rail at P and lessen the current flowing between them. At some point the IR 
drop thru the rail will equal the IR drop to that point thru the ground and 
pipe. Then the system will be in equilibrium and a comparatively constant 
current will flow.
Granted,then,that where ever a difference of potential exists be­
tween rail and pipe some current must flow between them the direction depend­
ing on which of the two is positive, that is, of a higher potential than the 
other. It must be understood, tho, that stray currants flowing in under­
ground pipes do no harm except where they leave the pipes for some other con­
ductor, assuming that electrolysis of the rail is small when compared with 
the wear of general usage. Thera is also a damage done to pipes thru second-
(7)
ary chemical reactions that are always present where ever electrolysis oc­
curs. It is often the case if certain constituents are contained in the 
soil that these secondary reactions do much more damage than the direct ac­
tion of the electric current. There is also another case to be considered* 
Poor electrically connected pipes cause the current to pass around the 
joint thru the soil and thereby corrode the pipe on the positive side of 
the joint* A diagram of this case is shown below, the direction of the cur­
rent being given and the section of the pipe corroded marked with dots#.
IV. Methods of correcting trouble from electrolysis discussed.
There are several methods in use at various towns and cities for 
the prevention of the damage done by stray currents* Some of them have 
been found to succeed in some localities that fail in others. As a whole, 
most of them aim at the prevention of the cjpage rather then at the preven­
tion of the cause of the damage, the stray currents themselves. This is 
due to several reasons among which two of the most importance are the usual 
conservatism of a public utilities company in correcting the cause of a 
damage that does not effect its own property appreciably and the inability 
of other such companies as water and telephone to correct the cause of the 
damage in not being able to cooperate with the electric railways companies.
The first and seemingly the easiest method that often presents 
itself is to bond the pipes and rails at points T/here damage has been done 
by electrolysis* The usual outcome is this. The pipes will carry a great­
er proportion of the current than before* Where a high resistance joint 
is located more current will have to pass around thru the soil,consequently
( 8)
these joints will probably show the effect of electrolysis where before the 
current was too small to do any measurable damage* Then there are often 
other conductors such as telephone conduits or gas pipes lying near the water 
pipes that should be considered. If more current flows in the water pipes, 
then, due to the increase in potential difference between pipes or between pipe 
and conduit, there will be a greater passage of current between them and a 
correspondingly greater damage. This method could not be recommended for 
a preventitive but rather as a check in certain localities.
V
The second method would be the installation of negative feeders at 
intervals along the rails in order that the potential at points at a distance 
from the power house be lowered compared with the negative bus. This would 
greatly decrease the stray currents and thereby decrease damage from elec­
trolysis but would not mitigate it entirely.
Another and probably the best method would be the installation of 
insulated negative feeder returns. This might be done by a double overhead- 
trolley system as used at Washington, D.C., double underground cable system 
now in use on the surface lines on Manhattan Island, or by third and fourth 
rails for out going and in coming current as used on the Metropolitan Dis­
trict Railway in London. This method absolutely prevents the flow of stray 
currents due to electric railway systems. Where the railway owns its own 
right-of-way the rails can often be practically insulated from the ground 
and the escape of currant from the tracks prevented. The rails can be 
laid on wooden ties lifted from the ground by crushed stone ballast and a 
few supplementary insulated negative feeder returns installed.
V. Potential survey of the 'twin cities.
The first step in an electrolysis survey of a town is to determine 
the potential differences between pipes and rails along the streets on which 
electric cars are operated. In doing this a preliminary survey was made 
with a Weston voltmeter, rated from ( 0 - 1 - 5 )  volts. Connections were
(8« )
A
(9)
made to the rails at bonding points hy wedging a piece of steel, shaped some­
what like a chisel, between the rails and running a wire from this te the volt­
meter and thence to the nearest hydrant* These connections were made at every 
corner or oftener as was deemed expedient. It was found in making this sur­
vey that at certain points along Neil St. the voltage was somewhat variable 
and no definite reading could be obtained. This was especially true when a 
car was in the immediate vicinity. It was,therefore,found necessarjr to use 
some form of recording meter. The instrument finally decided upon was an 
Elliott Bros. Recording Voltmeter. This instrument, because of its high resis­
tance, was well adapted to this kind of work. The meter was set recording 
when a car was two blocks away and allowed to run until the car had passed to 
a distance of two blocks on the other side.of the point of connection. The 
results are shown on the following map. The average value was taken except 
where there were both negative and positive readings in which case both values 
were plotted.
For a distance of several blocks from the power house it will be 
noted that the pipes are positive with respect to the rails while at a greater 
distance the signs are reversed. The area within which the pipes are positive 
with respect to the rails is known as the danger zone for it is here that the 
current tends to leave the pipes to return to the rails* It will also be 
noticed that at the corner of John and Neil streets and extending for several 
blocks in either direction both negative and positive readings ?/ere obtained. 
For the most part the readings showing the water pipes positive are small and 
those showing the rails positive are correspondingly large, so that it is 
doubtful whether any real danger from electrolytic action exists at this point 
It is interesting to note that a small negative reading was obtained at Mar­
ket St. and the Wabash railroad in Urbana.* This is probably explained by the 
fact that the rails of the railroad,which are ballasted with stone, form what 
practically amounts to a direct insulated return of rather low resistance, and
(9 cl)
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( 10)
the current therefore tends to leave the pipes to return to the power house 
by means of these rails.
VI. Current survey.
After the danger zone has been determined the next step is to. find 
the direction in which the current is flowing in the pipes and if possible 
to ascertain the amount of this current. The direction of the flow is deter­
mined by means of a voltmeter similar to that used in the preliminary survey 
of potential differences. Connections were made to two hydrants which were 
fed by the same main as is shown below, the voltmeter reading noted and also 
which hydrant was positive and which negative. Knowing that current flows
from a point of higher potential to one of lower potential,or,from positive 
to negative, the direction of the current is found.
The direction of flow in the pipes around the power house are shown 
by the arrows on the map of the- water mains. As would be expected all 6f :the 
arrows point toward the power house showing that the current is flowing to­
ward the grounded negative bus.. In order to find the actual amount of cur­
rent flowing it is necessary to get the drop in potential between two points 
on a continuous piece of pipe as indicated below. Knowing the resistance of 
the nine the current can be computed.
Figure 4.
i
(11)
Another method is to actually insert an ammeter in the pipe circuit 
when new pipes are being installed just before final connection is made. Nei­
ther of these methods could be used here because no such test wires have ever
/
been installed in the twin cities nor any new installation of pipe made any­
where near the danger zone during this survey•- It was therefore found necessary 
to use a method proposed in Ashe and Kelley*s "Electric Railways". Connections 
were made with a voltmeter to two adjacent hydrants as in the Purvey made to 
determine the direction of current flow. A reading, E, of the voltmeter was 
taken then the same length of pipe was shunted with an ammeter in series with 
a fairly large resistance»and voltmeter and ammeter readings taken. This se­
cond voltmeter reading was denoted by <3 and the corresponding ammeter read­
ing by i. If I be the current carried by the pipe then its resistance with 
the ammeter circuit open may be expressed as,
When the ammeter circuit is closed part of the current flows thru the ammeter 
and the current thru the pipe is therefore equal to I - i,or,
* = r 2-  (2)T -  x
Equating (1) and (2),
E_ e 
I I - i
e i 
E - e
(3)
(4)
Figure 5.
A number of sets of readings were taken and the average value of I found to 
be one-tenth,(0.1), ampere. In tests made under the direction of Mr. Wil­
liamson of the Home Telephone Company a current of from fifty to sixty am­
peres was found to be flowing in the lead sheathing over the telephone wires. 
The method used here was to insert an ammeter in the circuit. This indicat­
ed that this telephone sheathing is carrying practically all of the stray
(12)
current.
VII. Results.
The photographs of corroded pipes on following pages show typical 
examples of the results of electrolysis. The pipes are for the most part 
pitted along their entire length and in this they differ in appearance from 
the ordinary rusted pipe which simply scales off more or less evenly. These 
pieces of pipe were taken out before any efforts had been made to alleviate 
the existing electrolysis conditions. Since that time track along N. Neil 
Street has been newly bonded and a one million circular mil copper return 
cable put in from Hill St. to the power house. This cable is connected to 
the water pipe at Hill St. and undoubtedly carries a large portion of the 
currant formerly carried by the pipe* No trouble from electrolysis has been 
noticed since the rehabilitation work along Neil St. was completed* This 
has been the only effort of the Urbana-Champalgn Railway, Gas and Electric 
Co. to prevent electrolysis of the water pipes in the twin cities. However, 
the results of this survey show that there is present as little danger as 
could be reasonably expected without putting in an expensive insulated re­
turn circuit, as, providing double overhead trolley wires. In this case 
this would not be advisable because the upkeep on such a system would be a 
great deal more than the cost of renewing corroded water mains. It is well, 
however, to make frequent surveys similar to the one just completed and to 
keep an accurate account of the current being carried by the pipes and wheth­
er or not new points of danger are being devoloped with the extension of the 
system. 7
(13)
of voltage to increaes as distance between car and power house increases*
Recording voltmeter chart taken on Walnut St. at rear 
Of power house*
Chart shows pipe positive with respect to rail
(14)
Plate III.
Pipes taken from 601 N. Neil St.
/
Photographs show how pipes are pitted by electrolysis and finally 
completely eaten thru. These samples were taken from an eighteen foot length 
that had been attacked as shown from end to end.
(15)
Plate IV,
Pipes taken from 610 N. Neil St.
Shows place where current passed around the points due to high
/
resistance of the point. This pipe was comparatively new and not rusted 
except where attacked by electrolysis.
(16)
plats V-
Pipes from 206 S. Neil St.
/
Photographs show remarkable pitting of pipes and places where 
they are completely eaten away. The size of the large hole can be readily 
seen and judged by the fact that the photographs show the pipes about 
three quarters actual size*.
(17)
VIII.Data, Potential survey. Readings taken April 16,1914.
Location. Voltmeter Readings. 
Rail with respect to pipe. 
Volts.
Church and Neil Sts. 0. .78
Church and Randolph Sts. 1.60
Church and State Sts. 1.30 '
Church and Prairie Sts. 6.40
Church and Elmer Sts,. 0.35
Church and Ljmn Sts. 0.20
Church and New Sts. 0.60
Church and Van Doren Sts* 0.70 i
Church and Prospect Sts* 1.80
Church and Willis Sts. 0.70
Church and McKinley Sts. 6.60
Church and James Sts. 0.90
Church and Russell Sts. 0.70
Church and Garfield Sts. 0.30
Church and Draper Sts. . 0.75
Church and Victor Sts. 0.60
Green and Prospect Sts. 0.60
Green and Pine Sts. 0.85
Green and New Sts. 0.65
New and Healy Sts. 0.45
New and Springfield Sts. 0.40
New and Union Sts. ' 0.43
New and White Sts. 0.40
New and Clark Sts. 0.50
New and University Sts. 0.30
(13)
New and Park Sts.
John and Elm Sts.
John and Prairie Sts.
John and State Sts.
John and Randolph Sts.
John and Neil Sts. •
Neil and Green Sts.
Neil and Healy Sts.
Neil and Springfield Sts.
Neil and Clark Sts.
Neil and ^ark Sts.
Neil and Church Sts.
Neil and Hill Sts.
Neil and Washington Sts.
Neil and Columbia Sts.
Neil and Vine Sts.
Walnut and Treraont Sts.
University and Walnut Sts. 
University and I.C.R.R. 
University and First Sts. 
University and Second Sts.
/
University and Third Sts.
Third and Clark Sts.
Third and White Sts.
Third and Stoughton Sts.
0.50
Readings taken May 15,1914.
4.0 to -0.50
3.50 to -0.60
5.00 to -0.40
5.50 to -0.50
1.00 to -0.20 
0.40 to -0.40 
0.50 to -0.30
1.00
1.60
1.70
0.75
1.00
0.50
0 . 00.
-0.50
-1.50
Readings taken April 17,1914. .
0.50
0.60
0.50
0.90
0.90
1.00
0.90
1.25
(19)
Third and Springfield Sts. 1.20 
Third and Healy Sts. 0.20 
Third and Green Sts. 1.25 
John and Third Sts. 1.30 
John and Fourth Sts. 1.30 
Johnrand Fifth Sts. 1.20 
John and Sixth Sts. 1.25
Headings taken April 24,1914.
University and Fourth Sts. 1.25 
University and Fifth Sts, 1,30 
Universit3'- and Sixth Sts. 1.60 
University and Wright Sts. 1.60 
Wright and Clark Sts.J , 1.50 
Wright and White Sts. 1.70 
Wright and Stoughton Sts. 1.40 
Wright and Springfield Sts. 1.50 
Wright and Railroad Sts. 1.70 
Railroad and Burrill Sts. 1.30 
Railroad St. near Woodshop 1.40 
Railroad and Matthews Sts. 1.40 
Railroad and Goodwin Sts. 1.00 
Railroad and Wright Sts. 1.70 
Wright St. and Boneyard 1.20 
Wright and Green Sts. / 1.45 
Wright and John Sts. 1.25 
Wright and Daniel Sts. 1.00 
Burrill and Daniel Sts. 1.90
C 20}
Matthews and California Sts* 2.50
Matthews and Oregon Sts* 3.50
Oregon and Goodwin Sts, 3.00
Oregon and Gregory Sts, 2.00
Oregon and Lincoln Sts* 3.40
California and.Lincoln Sts. 1.50
California and Busey Sts, 2.60
California and Coler Sts* 3.00
California and Orchard Sts* 2.40
California and North Sts. 2.50
California and Birch Sts. 2.50
California and Broad Sts* 3.30
California and Race Sts* 4.00
California and Market Sits. 2.50
Market and High Sts* 3.00
Market and Green Sts* 2.80
Market and Main Sts. 2.30
Main and Race Sts* 1.50
Main and Railroad Sts. 1.00
Railroad and Birch Sts* 3.00
Railroad and North Sts. 3.50
Railroad and Orchard Sts. 2.00 ;
Railroad and Coler Sts. 2.00
Railroad and Busey Sts. 3.00
Railroad and Lincoln Sts. 2.25
Railroad and Babcock Sts. 3.50

